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ABSTRACT 
Lagoon Effluent Polishing by Soil Mantle Treatment 
Using Various Utah Soil Types 
Roger Scott Tinkey, Master of Science 
Utah State University, 1975 
Major Professor: Dr . Robert A. Gearheart 
Department : Civil and Environmental Engineering 
The purpose of this paper is to investigate the effectiveness 
of four Utah Great Basin soil types in removing particular chemical 
constituents and select enteric organisms from a sewage lagoon effluent. 
Sewage taken from the secondary oxidation pond in Logan, Utah was 
applied daily to lysimeters which allowed samples to be recovered at 
7.6 and 38.1 centimeter soil depths. The texture of the soils was the 
most important physical property affecting their removal capac ity. 
Drainage Farm soil (clay) provided the best bacteriological and overall 
chemical removal with Nibley (silty clay loam) second, then Draper 
(sandy loam) and Parleys (silty loam) last . 
The soils were analyzed before and after the test period to 
determine any major change which would ultimately affect their 
removal capacity. Noticeable changes occurred in phosphorus, percent 
organic matter and cation exchange capacity. The changes that did 
occur had no apparent effect on the removal capacity of any of the 
soil during the test period . 
xi i i 
The paper is dividen into three major parts : the bacteri-
ological, the chemical, the initial and final soil comparison. 
(192 pages) 
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INTRODUCTION 
The rapid death of enteric organi sms in soils ha s been well docu-
mented, but few investigations have attempted a detail ed st udy of the 
characteristics of the soil that contribute to the decline in microbia l 
numbers. In this study the writer will attempt to correlate the soils 
various characteris tics wi th t heir effec t on t he removal and survival of 
the Total Coliform group, Fecal Coliform, and the Fecal Streptococcal 
group. These organisms were monitored because pathogens in water may be 
extremely diluted or occur intermittently so that when examination of a 
water supply is made, the pathogens may no longer be present . Therefore, 
laboratory analysis usually centers around the detection of fecal 
organisms associated with the pathogens, (Bryan, undated). Numerous 
chemical parameters will also be monitored to better evaluate the soils 
effect on the bacteria and to determine their effectiveness in removing 
chemical constitutents. 
Four Utah Great Basin soils were chosen on the bas i s of ma j or 
acreage, potential irrigated value and range in physical and chemical 
characteristics. The soils were studied in specially built lysimeters 
for ease of observation. Many objections have arisen to the use of ly-
simeters in field study comparisons. The most important dispute has 
been the assumption that the change in permeability which inevitably 
occurs when a soil is transferred from its natural bed into lysim-
eters would so alter its infiltration capacity that any results would 
be meaningless. However, it has been generally observed that it is 
the surface of a soil that limits inf iltration rates, not the 
subsurface conditions. Only where some subsurface stratum exists 
should differences in degree of compaction and porosity be important 
(McGauhey and Krone, 1967). That this is indeed the case has been 
shown in several studies of field and lys imeter infiltration rates of 
various soils. When soil is used for disposal or treatment of waste-
water, a system of inundation followed by drying and spading of the 
surface stratum is commonly us ed. This practice tends to disturb the 
soil in a manner comparable to that used in lysimeter operat ion 
(Orlob and Butler, 1955} . 
In this study suitable deep strata exists in the field . 
Therefore , the practicality of water reclamation or sewage disposal by 
surface spreading should be subject to determination by this lysimeter 
study. 
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There has been renewed interest in land disposal or treatment 
as evidenced by the numerous papers presented at recent conferences. 
The proceedings of the Pennsylvania State University Conferences were 
published and consisted of 32 papers (Sapper and Kardos, 1973). The 
proceedings of the Illinois Conference contained 26 papers (Proc. Joint 
Conf. III. 1973), while the proceedings of the Rutgers Conference 
consisted of 19 papers (Symp. at Rugers Univ., 1973). 
Much of this renewed interest no doubt stems from the Federal 
Water Pollution Control Act calling for zero discharge by 1985 and the 
intermedia te deadlines proposed in PL 92-500. Among the laws passed 
in the state of Utah is a law that will upgrade the water quality 
standards of most of the receiving waters in Utah from Class D to 
Class C (Table 1) . As a result of this action, the effluent 
Table 1. Specific standards established for class "C" and "D" 
water quality standards pertaining to waste water treat-
ment plant effluents 
Parameter 
pH 
Col i form, monthly 
arithmetical mean 
Fecal coliform, monthly 
arithmetical mean 
BOD5, monthly arithmetical mean 
Dissolved oxygen 
Chemical and radiological 
Concentration or Units 
Class "C" 
6.5 - 8. 5 
5,000/100 ml 
2,000/100 ml 
5 mg/1 
5.5 mg/1 
PHS drinking 
water standards 
Class "D" 
6. 5 - 9. 0 
5,000/100 ml 
25 mg/1 
PHS drinking 
water stndards 
discharged into any of these receiving waters must meet a more rigid 
standard of quality . 
There are certain rather important and in many cases critical 
considerations that arise from such a course of action. In many cases 
waste water treatment facilities have already been constructed and 
designed to meet only Class D standards. When the Class C standard 
becomes law, these facilities will no longer be allowed to discharge 
their effluents into any receiving water covered by the law. There-
fore, either existing facilities must be improved to the point where 
the effluent can meet the new receiving water standard, or a different 
method of disposing of the effluent must be found. 
As pointed out by Thomas (1973, p. 1476), the history of land 
disposal shows that the old systems were designed for "out of sight, 
out of mind," and the newer ones for treatment and reuse. Land 
disposal as a form of treatment or waste water renovation was used 
by 571 municipalities and 1300 industries in the U.S. in 1972. In 
addition to this there were over 50 million people using septi c t an ks. 
The use of soil mantle disposal to upgrading lagoo n effl uent 
is limited by soil and ground water characteristics. However , most 
lagoons are constructed in areas where land is readily available and 
thus capital investment for soil mantle disposal is relatively low . 
Also, soil mantle disposal does not create a sludge disposal problem, 
has a low maintenance and operation cost, and may provide additional 
irrigation water in arid regions . 
A case favoring land treatment over advanced biological waste 
treatment or physical chemical treatment is reported by Roper (1973) . 
For the Chicago example, the land treatment cost was one-half and 
4 
the energy usage one-third of that for the other two alternatives. 
Therefore, it is felt that soil mantle disposal is a viable alternative 
for upgrading lagoon effluents. 
Objectives 
The purpose of this research can be stated as follows: (1) 
to correlate the soil's various characteristics with their effect on 
the removal and survival of specific enteric organisms present in sew-
age lagoon effluents; (2) to investigate the effectiveness of each soil 
in removing various chemical constitutents in sewage lagoon effluent; 
(3 ) to examine any change in the soi l 's characteristics after the 
test period. 
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REVIEW OF LITERATURE 
History of Land Application of Sewage 
A review of the history of sewage treatment indicates that l and 
application of sewage is a very old practice. Developed i n t he early 
nineteenth century, waste water irrigation was used as a system of both 
treatment and disposal (Rudolfs, Willem and Cleary, E. J. , 1956 ). 
Application of sewage effluent to the soil for the purpose of tertiary 
treatment has come along more recently, but is not a new idea. Wi lcox 
(1948) reported that Tucson and Phoenix, Arizona; Lubbock, Texas; 
Denver, Colorado; and Pomona, Whittier and Riverside, California used 
sewage effluent for irrigation. Mentioned also in a report by Merz 
(1956) as having favorable results were Bakersfield , Fresno, Wasco 
and Tulare, California and Abilene, Kingsville and San Antonio, Texas. 
As of 1966, California had a total of 199 sewage plants that applied 
effluent to land, Texas had 40, Arizona 22, and New Mexico 21 (Eastman, 
1967). 
The practicality of using land application of sewage as a means 
of treatment and disposal has been proven feasible . Studies of land 
renovation of effluents with respect to sewage bacteria have also shown 
that soil is an effective medium for treating sewage. Using radio -
active phosphorus to lable coliform bacteria, tests (Marculeseu, I. 
and Drucan, N. , 1962) at the Tulza Collective farm in Rumani a showed 
that 92-97 percent were retained in the uppermost 1 em of the soil, 
with 3 to 5 percent retained in the 1 to 5 em layer. An investigative 
study in Wisconsin observed that the return flow from the soil irri-
gated with sewage effluent did not increase the coliform index of the 
nearby creek. Also reports from 69 communities in Californ ia using 
sewage for irrigation indicate no ground water pollution or disease 
transmission occurring (Sepp , 1971). 
The past and current uses of land trea tment have been developed 
as a convenient and economical approach to wastewater disposal. The 
effect of land treatment techniques on animal life, plant l i fe, soi l 
and groundwater is presently being studied along with the engineering 
and economics of the system. 
Mechanism of removal 
The application of soil mantle disposal to upgrading lagoon 
effluent is governered by soil and groundwater characteristics, as well 
as microbial activity. Soils have varying capacities to remove 
contaminants by filtering, adsorption, exchange and precipitation. 
As pointed out by McGauhy and Krone (1967 , p. 146), "Bacteria behave 
like other particulate matter in soils and are removed by straining, 
sedimentation, entrapment, and adsorption. In addition, they are 
subject to die-away in an unfavorable environment." The other 
particulate matter as well as bacteria which McGauhey referred to is 
usually effectively removed in the top 12.5 or 15 centimeters of a 
soil system by one or more mechanisms: (a) straining at the soil 
surface, when the suspended particles build up on the soil surface and 
become part of the filter; (b) bridging, when suspended particles 
penetrate the soil surface until they reach a pore opening that stops 
their passage; (c) straining and sedimentation, which includes the 
conditions of (a) and (b) except that the suspended pa r ti cles are 
f i ner than half of the smallest pore opening . Figure 1 shows a flow 
chart of the proposed mechanisms of removal and movement of bacertia 
in the lysimeter. 
Soils effectiveness i n water renovation is largely de termined 
by the ability of mic rorgani sms popul ating t he f irs t few fee t of soil 
depth to conver t t he contaminants i nto innocuous vola tile substances, 
int o forms ut il iz ed by hig her plants and to incorporate part of the 
materials into new protoplasm (Hinesly, 1974). 
The soils ability to remove dissolved and par ticulate organ i cs 
is concentration dependent. They may be supplied in concentra t ions 
inhibiting the growth of microorganisms , either di rect ly as a toxicant 
or indirectly by adversely altering favorable soil chemica l and 
physical properties , reducing the soils capacity to att enuate wa t er 
pollutants (Hinesly , 1974). However , these was t es may also decrease 
the numbers of pathogenic bacteria ever presen t in municipal waste-
waters. Also the presence of other microorgani sms has an infl uence 
on the pathogen i c organisms. This has been i llustra t ed many times 
by longer survival after inoculation of a pathogen into a st er il ized 
soil, sewage, or water then into a corresponding non-steri l e sub-
strate . 
Some other factors that are important to the survival of 
intestinal pathogenic bacteria in soil, as stated by Rudolfs (1950) 
are as follows: (a) lower temperatures increase viabil i ty ; (b) 
longevity is greater in moist soil than in dry soil; (c) neutral , 
high moisture-holding soil favors longevity ; (d) the type and amount 
8 
Figure 1. Flow chart of proposed removal and movement of bacteria in t he lysimeter . 
0 
of organic matter present may serve as a food and energy source to 
sus tain or al l ow bacteria to increase. 
The presence of members of the total coli form group has 
11 
become the i ndi cator of fecal poll ution in water . As a group, co liforms 
are considered harmless , but their presence in a water sample indicates 
the possible presence of pathogenic enterobacteri aceae such as sa lm-
onella (Millipore, 1972). The fecal coliform group i s specifically 
composed of those coliforms that enter water via fecal discha rge 01 
wa rm-blooded animals and man. The fecal streptococci bacterial group 
is also used as an indicator of fecal waste contamination in water. 
Fecal streptococci bacteria are especially native to the gut of warm-
blooded animals, also man, and are considered typicall y non-pathogenic 
(Millipore, 1972) . 
The soils tested did not have a crop cover therefore the 
observed r emoval would be strictly due to soi l characteristics as 
pointed out by Hinesly (1974, p. 64), "Once wastewater contaminants 
migrate below the biologically active root zone of plants their 
removal i s mainly by adsorption and chemical precipiation reactions." 
Contamination of underground water supplies can be traced to situations 
where polluted water has been either injected directly below or has 
been allowed to circumvent the biologically active soi l surface. 
METHOD OF PROCEDURE 
Methodology 
This study was directed at correlating four different soils' 
various characteristics with their effect on the removal and surv i val 
of specific enteric organisms present in the sewage l agoon effluent 
12 
The soil characteristics of primary importance in bacterial removal 
are: texture, percent organic matter, cation exchange capacity, pH, 
and percent water saturation. The soils were analyzed to measure these 
properties before and after the test period which monitored the or-
ganism removal. 
The bacterio logical organisms studied were the total coliform 
group (TC), fecal coliform (FC), and fecal streptococci (FS). After 
monitoring the levels of these organisms in the sewage applied to the 
soi l s, and levels present in the sewage after percolating through the 
soils, the study attempts to single out individual soil character istics 
contributing to varying degrees of removal . 
It is also the interest of this study to investi gate the 
effectiveness of each soil in removing the various chemical consti-
tuents in sewage lagoon effluent (see Chemical Analysis). Particular 
interest of this research was also given to note any change in the 
soils physical or chemical characteristics after the test period was 
complete. Figure 2 shows an information flow chart used in pursuing 
this study. 
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Experimental Design 
So il types 
The fou r Uta h Great Basin so il types chosen were Nibley, 
Pa rl eys, Draper and soil typica l to t he Utah State Un i versity rL .. 
lamation farm . These soils were chosen on the bas i s of major acreage , 
pot enti al irri gated value and range in physical and chemical character-
i stics (Tabl e 2) . 
Lysimeter design 
A lysimeter is defined by Websters Dictionary as "a device fo r 
measuring percolation of water through soils and determining the solu-
ble constituents removed in drainage." In this case eight lys imeters 
were constructed, 53 em x 53 em x 53 em, with drains built at the 7.6 
em and 38 .1 em depth providing the two sample points, the bottom of 
the lysimeter has a two way slope which allows for complete and final 
drainage (Figure 3 and Photograph 1). The lysimeters were filled to 
1.3 em from the top, giving the drains mean depths of 7.6 em and 38 .1 
em with a 5% slope. The units were constructed of 5/8" exterior ply-
wood, all corners reinforced with fiber stripping and the entire unit 
coated with marine glass resin. The drains are 3" Polyvinyl -chl ori de 
(PVC) with the top half cut out beginning 7.6 em from each wall 
(Figure 3) to avoid picking up unfiltered samples due to possible 
sidewall channeling or short circuiting. Stainless steel wire mesh 
(16/inch) was placed over the drains in the PVC and over the bottom 
drain outlet to prevent clogging. Next, washed pea gravel was placed 
in the bottom to a layer 3.8-5 em deep, the mid depth drains 
filled level with the cross section cut. 
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Table 2. Description, location and use of the four Utah Great Basin 
soils studied 
Soi 1 Type 
Nib ley 
Parleys 
Draper 
usu 
Reclamation 
Farm 
Texture 
Silty Clay 
Loam 
Silty Loam 
Sandy Loam 
Clay 
Sample Site 
Location 
1.4 km S. 
1 km E. of USU 
Animal Husbandry 
Farm 
2.4 km E. of 
Hyde Park on 
alluvial fan 
2. 4 km E. Perry 
on alluvial fan 
4 km W. and 
and 1. 6 km N. 
Logan 
Us 
Irrigated Crops 
and natural 
pasture 
Irrigated grain 
crops and 
natura 1 pasture 
Irrigated fruit 
crops and 
natural pasture 
I rri gated 
grain crops and 
natural pasture 
Each soil type occupied two lysimeters, thereby each lysimeter 
had only one sample point. For example, Nibley soil was loaded into 
two lysimeters, one of which was saturated from the bottom up to the 
7.6 em drain and sampled at the 7.6 em level. The second lysimeter 
was saturated up to the 38.1 em level and sampled at that point, 
giving two data points for each soil type. 
Soil preparation 
Field samples were taken with shovels as near as possible to 
the selected type locations and of horizons conforming to those of the 
original type profiles. The lysimeters were loaded in 10 em lifts , 
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each lift being rodded to attain a maximum and uniform compacti on 
among all lysimeters filled . 
21 
A typical sample of each soil was submi t t ed to the US U Soil, 
Plant and Wat er Analys i s La borat ory for testing before and after t his 
study to measure the following properties : pH, electr ic conduct i vity, 
phosphorus, potassium, texture , lime, organic matter , exchangea ble 
sodium, total sodium , wat er sol ubl e sodium, ca ti on exchange capacity, 
and percent saturation. 
Prior to the application of lagoon effluent, fresh water was 
applied to the soils for at least one month, three to fou r t imes weekl y 
to aid settling and leach suspended solids from the filters. Five 
centimeters of lagoon effluent was then applied to the soils three 
times a week with a weekly determination of the specific conductance 
on the sewage applied and effluent from the filters to approximate the 
time the filters were approaching a steady-state conditi on. At the 
time an apparent steady-state condition was reached full chemi cal 
analysis began. The bateriological analysis started when the full 
chemical analysis began showing consistent results . 
Sampling 
Sampling schedule 
Weekly determination of specific conductance started on 
September 5, 1974 and the full chemical analysis began on September 25, 
and was conducted weekly until November 25, 1974. On October 29, the 
bacteriological analysis began. The bacteriological tests were con-
ducted daily on the sewage applied and the effluents recovered from 
22 
the sample points until November 29. At thi s time consistent results 
were observed and chemical analysis also ceased. 
Sampling procedure 
The sewage was collected each day f rom t he secondary ox dation 
pond effluent port (F igure 4) in plastic fiv e gallon containers. The 
sewage was then flooded onto the soils in 1.3 em depths unti l 2. 5 em had 
been applied. Sampl es from the appropriate effluent port on each box 
were co llected for the bacteriological analysis in sterile 500 ml erl en-
meyer flasks (Figure 3). On days when samples were to be taken for the 
chem ical analysis as well, the samples were first t aken in the 500 ml 
flasks and then 2.5 liters were collected i n washed four liter plastic 
containers to be used for the chemical anal ys is. The bacteriological 
and chemical analysis was conducted within six hours from when the sew-
age effluent was fir st applied to the lysimeters. Since the atmos-
pheric temperature wa s always below 7°C, no further s teps were taken to 
preserve the samples before analysis. 
Analys is 
Bacteriological analysis 
The bacteriological analysis was conducted as prescribed in 
Standard Methods of the Examination of Water and Wastewater (APHA 1971) . 
Total coliforms were analyzed by methods given in section 408 A (Stand-
ard Total Coliform Membrane Filter Procedure). Fecal coliforms were 
analyzed by methods given in section 408 B (Fecal Coliform Membrane 
Filter Procedure). Fecal Streptococcus was analyzed by methods given 
in section 409 B (Membrane Filter Technique for the Fecal Streptococcal 
Group). 
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Chemical analysis 
The applied lagoon effluent and each lysimeter sampl e port 
effluent was analyzed for : total carbon , total inorga ni c carbon , 
total organic carbon, suspended so lids , vola t i l e sus pended solids, 
total unfiltered and filtered phosphate, ortho-phosphate , amoni a, 
nitrite , nitrate, pH, specific conductance , total algae ce l l counts, 
chlorophyll "a" and pheophytin "a ." Anal ys i s t ec hnique followed that 
prescribed in APHA, 1971. 
Final soil analysis 
Upon completion of the testing period, the so i l s were allowed 
to freeze so that undisturbed core samples could be taken with a 
device known as a King tube (see below). The soil was analyzed at 
the top, 2.5 em 5 em 7.5 em 12.5 em 20 em and 32.5 em levels for 
remaining chlorophyll "a" and the presence of coliforms and fecal 
coliforms by the 3 tube-multi-dilution MPN method prescr i bed in 
APHA, 1971. 
The King tube is a one inch (inside diameter) stainless steel 
pipe 183 em long. On one end is a sharpened head (bottom left of 
Photograph 2) with an inside diameter slightly smaller than that of 
the remaining tube. The other end has a steel jacket reinforcing 
the end {Photograph 2). A hammer is used (bottom of Photograph 2) 
to drive the tube into a compacted soil to remove an undisturbed soil 
sample . The core is then removed from the upper end. 
In the investigation to determine remaining coliform popula-
tions at different depths in the soil, the King tube and hammer were 
scrubbed and sterilized with methanol and flamed before each core 
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was taken. The cores were then placed in sterile long plastic bags 
so as not to mix the soil horizons. 
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For the coliform determ ination the solid cores were asepticall y 
separated into the desired l evel s . Approximately fo ur grams were placed 
in a dilution bottle previously tared. Approximately the same amount 
from the same level was weighed, air dried and weighed again to deter-
mine the percent moisture . The soi l suspension was then diluted to 
conduct the three tube multi -dilution coliform MPN and feca l col i form 
MPN test . The final results from the MPN determination for coliforms 
or fecal coliforms in the so i l could then be reported as MPN per dry 
weight of soil. 
Soil samples were also taken from the lysimeters at the top 
and 32.5 em depth and analyzed by the U.S.U. Soil Plant and Water 
Analysis Laboratory. These results were compared to the soil prop-
erties before the test per iod . 
Lagoon effluent characterization 
The sewage used for this study was taken from the secondary 
oxidation pond of Logan's waste stabilization ponds. The test period 
was conducted from October through December . Average values over 
this time of various chemical and bacteriological parameters can be 
seen in Table 3. The hydraulic loading that these values produced 
on the lysimeters and would provide to an acre plot, are given in 
Table 4. 
Table 3. Lagoon effluent characterization 
'~. -. 
Average Values Over Test Period 
Total algal cell counts No./ml 
Total coliforms No./100 ml 
Fecal coliform No./100 ml 
Fecal Streptococc i No./100 ml 
Temp. °C 
D.O. mg/1 
Nitrate N03-N mg/1 
Nitrite N02-N mg/1 
Ammonia NH 3-N mg/1 
B.O.D. mg/1 
Specific conductance umhos/cm 
Suspended solids mg/1 
Volatile suspended solids mg/1 
Total phosphate P04 mg/1 
Ortho phosphate mg/1 
PH 
Total organic carbon mg/1 
Total inorganic carbon mg/1 
Total carbon mg/1 
29 
23,800.0 
160.0 
64.0 
100.0 
8. 0 
19.0 
0. 15 
0.04 
4.1 
30 .0 
640.0 
28.0 
17.0 
2.8 
2.1 
8. 10 
15.0 
58.0 
75.0 
Table 4. Hydraulic loading characteristics 
Parameter Avq. Cone. Kg/day Kg/Hectare/day 
mg/£ 
B.O.D. 30 .0 2.17 X 10-4 7.56 
Nitrate 0 .15 1.09x l0- 6 3.82 X 10-2 
Nitrite 0.04 2.68 X 10- 7 9.35 X 10- 3 
A11111onia 4.1 3. 04 X 10- 5 1.05 
Suspended Solids 28.9 2.09 X 10-4 7. 30 
Volatile Suspended Solids 17.0 1.23 X 10-4 4.30 
Total Phosphate 2.81 2.03 X 10- 5 7.10 X 10- 1 
Ortho-phosphate 2.09 1.51 X 10- 5 5.28 X 10- 1 
Total Organic Carbon 15.6 1 . 13 X 10-4 3.94 
Total Inorganic Carbon 58.0 4.20 X 10-4 1.46 X 10-2 
Total Carbon 75 .0 5.40 X 10-4 1.91 X 10 2 
Microbial Characteristics* 
Parameter Avg. Cone . 
No./lOOm£ 
Total Coliform 160 .0 
Fecal Coliform 64.0 
Fecal Streptococci 100.0 
Total Algal Cells 23,800.0 
*Loading rates based on 2.54 em per day application. 
Organisms/Hectare/day 
3.95 X 106 
1.63x l06 
2.72 X 106 
5.93 X 108 
lbs/day lbs/acre/day 
4.78 X 10-4 6. 78 
2.41 X 10-6 3.41 X 10- 2 
5.9 X 10-7 8.35 X 10- 3 
6.7 X 10- 5 9.35 X 10- 1 
4.6 X 10-4 6.54 
2.71 X 10-4 3.84 
4.48 X 10- 5 6. 35 X 10- 1 
3.33 X 10- 5 4.72 X 10 1 
2.49 X 10-4 3.52 
9.25 X 10- 4 1.31 X 10 2 
1.19 X 10- 3 1 . 71 X 10 2 
Organisms/acre/day 
1 .6 X 10 6 
6.6 X 105 
l.lxl06 
2.4 X 10 8 
w 
0 
31 
RESULTS AND DISCUSSION 
Method of Sampling 
The lysimeters were set up to monitor the effluents from the 
soi l at the 7.6 centimeter and 38.1 centimeter soil depths . Although 
there is much evidence to indicate the majority of bacteriological and 
chemical removal take place in the first few centimeters of soil, i n 
this study it was very difficult to obtain reliable data at the 7.6 
centimeter depth for a number of reasons. 
Much of the data from the 7.6 centimeter sample points was 
invalid due to short circuiting occurring at the soil surface. Thi s 
short circuiting was caused by the drying and cracking on the surface 
between sewage applications. In a lysimeter thi s large with so much 
surface area, surface disturbance as the sewage is applied wou l d cause 
nonuniform soil depth which is very critical in eva luating removal in 
7.6 centi meters of soil. Often times short circu it ing was so extreme , 
samples were not obtained at all from the 7.6 centimeter level. How-
ever, mu ch of the information gathered from the 7. 6 centimeter level 
is valid and is very helpful in explaining some of the conditions 
that occurred. 
In this study the objective was not so much to establish where 
the removal occurred but more to study which individual soil charac-
teristics produced best removals . With this in mind the 38.1 centi -
meter sample points provided some very good information and lead to 
interesting conclusions. 
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Bacteriological Removal 
The results of the bacteriological analysis for Total Coliform, 
Feca·l Co 1 i form, and Feca 1 Streptococca 1 Group for the 7. 6 centimeter 
and 38.1 centimeter depths can be seen in Table 5. Due to an error i n 
technique or use of an inferior method of determination in some cases 
the Fecal Coliform counts were very much higher than the Total 
Coliform which is unlikely. Therefore, in these cases we mus t assume 
the Fecal Coliform counts as minimum values for Total Coliforms. 
Table 6 shows the revised values for all three tests. 
Since the sewage applied has ever changing levels of coliform 
populations, in order to obtain a reference by which to compare the 
removal of the various soils, the data has been converted to percent 
removal with respect to the sewage applied (Table 7). 
Figures 5, 6, and 7 show percent removal plotted against 
each sample date for Total Coliform, Fecal Coliform and Fecal 
Streptococcus for all four soils at the 38.1 em sample point . From 
these figures it is apparent that the Drainage farm soil (clay) 
produced consistently the best removal, showing 100% removal most of 
the time. Overall Nibley (silt clay loam) showed next best removal 
then Draper (sandy loam) and then Parleys (silty loam) showing poorest 
removal. 
Figures and 6 show common dips among all soils on November 9, 
15, and 20. This indicates high levels of bacteria indicators in the 
effluent from the sample points. Figure 7 also shows these dips but 
lags the Total Coliform and Fecal Coliform by a couple of days each 
time. This observation would explain the much higher levels of Fecal 
Table 5. Original counts for total colifonn, fecal coliform, and fecal streptococcal ·group at the 7.6 
and 38.1 centimeter depths. 
.
 
~~
------------------------------.--.-----
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1
 
.~ 
::1 
.
.
.
.
 
~~:It------------------------------~ 
; 
; 
; 
.
.
.
 
•
•
 ================================~
 
~~~ 
,:,11·.--.-.--~-~-,-0-,--
-
-
-
·---,-_-
---~--~ 
~\\--------~------------------~:---
}~ 
8 
.
.
 ~ 
:;
-.
-
-
-
-
--~~
s~.---.-----.-.---
-
-
-
-
-
------
~ 
8 
.
.
.
 
s•lr----·-------------------------------------~ 
;: ! ::: 
:! 
•
 
•
 
0 
i; 
8 
,~1",----------------------------------_-·_--_ ~ 
•
.
 
' 
t~ ~ 
8 
.
.
 
;:~· --,--,--,-------.-.--.--0-"--o--,---o--,-o------------~ 
' 
!~ 
8 
8 
: 
§ 
.: ; 
l: 
8 
s ~ 
:& 
8 
0 
•
 
0 
0 
0 
' 
' 
0 
' 
0 
~83~ 
... ~ 
.
 
•
 
.
 
•
 
.
 
-
-
-
-
~ 
•
 
; 
;: 
; 
.. 
~,11-.--.--,-.---------------------------------
i~ 
8 
8 
.
.
 
~ e 
0 
•
 
0 
' 
' 
0 
' 
0 
' 
0 
0 
' 
' 
.
 
' 
~ ;: 
~--------------------------------~ 
.~88 
£~ 
~
~
,
~
---------------------------------
l--.1...:-h-"' .;;_o:....;;..::.,-"-;,_;;..c;...;;.~ .
.
 
L~ ~ ~l_l.LUL~ ~ L
W
 
34 
I !; 4 8 
Table 6. Revised counts fortotal coliform, fecal coliform, and fecal streptococcal group at the 7.6 and 
38.1 centimeter depths. 
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Table 7. Percent removal of total coliform, fecal coliform and fecal streptococcal group with respect to 
sewage applied. 
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Figure 5. Total coliform percent removal at the 38.1 centimeter depth for all soils studied. 
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Figure .6. Fecal coliform percent removal at the 38.1 centimeter depth for all soils studied. 
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Streptococcus in the 38.1 em level over the Total Coliform . The Fecal 
Streptococcus found the soil favorable for growth. After a few days 
the higher population began washing through and showing up in a 
decrease in percent removal . 
Although all soils proved effective for the removal of these 
bacterial indicators there is a marked difference in the degree of 
removal between the Drainage Farm so il and Parleys . Draper and Nibley 
fall between these two, with some variability shown between these two. 
Table 8 shows the average bacterial counts obtained at the various 
effluent ports over a 21 day period. Table 9 gives the removal rates 
of the four soils with depth for the three bacterial indicators. These 
rates clearly show which soils produced best removals. Drainage Farm 
was most efficient, then came Nibley, Draper and Parleys. The graphs 
for these rates can be found in the appendix (Figures 21-24). The 
primary reasons for the much better removal by Drainage Farm so il over 
the other three is the texture . The Drainage Farm soil was by far the 
most dense, therefore provided for removal by the three mechanisms of 
straining, bridging, and straining and sedimentation . It appears that 
the texture is indeed the most important factor in these four soils. 
Figures 8, 9, and 10, show Total Coliform, Fecal Coliform and 
Fecal Streptococcus removal at the 7.6 em levels for the four soils. 
It is quite evident from these that short circuiting was occurring. 
These figures suggest that the bacteria may have been growing. Negative 
removal indicates higher counts in the effluent from the lysimeters 
than were in the sewage applied. The Fecal Streptococcus grew most 
readily and apparently best in the Drainage Farm soil which has the 
46 
Table 8. Averaqe bacteri·al counts over a 21-d.ay period 
Total Fecal Feca l 
Soil Type Level Coliform Coliform Streptococcus 
Drainage Sew. (Top) 160 64 100 7.6 em 92 34 860 Farm 38.1 em 1 0 0 
Sew. (Top) 160 64 100 
Nibl ey 7. 6 em 81 50 42 
38.1 em 15 3 6 
Sew. (Top) 160 64 100 
Draper 7.6 em 9 6 20 
38.1 em 7 8 10 
Sew. (Top) 160 64 100 
Parleys 7.6 em 47 34 94 
38.1 em 41 20 11 
Table 9. Removal rates of individual organisms for the four soils 
Soil Type 
Drainage Farm 
Nib ley 
Draper 
Parleys 
Rates 
Bacterial Organisms 
Total 
Coliform 
.091 
.050 
.052 
.015 
lQg_Q_!'_g_ani sms removed 
em. of soi 1 
Fecal 
Coliform 
. 083 
. 058 
.051 
.031 
Fecal 
Streptococcus 
. 088 
. 050 
.052 
.050 
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Figure 8. Total coliform percent removal at the 7.6 centimeter 
depth for all soils studied . 
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Figure 9. Fecal coliform percent removal at the 7.6 centimeter 
depth for all soils studied. 
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Figure 10. Fecal streptococcus percent removal at the 7. 6 centimeter 
depth for all soils studied. 
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greatest amount of organic matter and highest moisture holding capacity. 
It could also be assumed this soil had the greatest amount of short 
circuiting . The total coliforms did not thrive quite as well as the 
fecal streptococcus but better than the fecal coliforms. 
It can be concluded that these bacterial indicators do grow in 
soil near the surface but are readily removed at least below 38.1 em 
in degrees proportional to the soil texture or type. The bacteriol-
ogical analysis of the soil after the test period failed to show any 
significant levels of bacterial indicators present at any level 
(Table 10). The fact that the soils were frozen and had been for 
approximately two weeks prior to taking the core sample could account 
for the limited survival of the coliforms. The soil (Nibley) in which 
some survival occurred had a fairly high moisture holding capacity 
as indicated in Table 11. This may account for the lack of survival . 
As pointed out by Hugo (1971) at temperatures just below zero a high 
proportion of coliform bacilli and other organisms were killed . 
However, when cells were suspended in distilled water prior to 
freezing survival greatly increased. It was also discovered that 
survival decreases as a function of the storage and temperature. It 
is suggestive from the data that the organisms near the top of the 
soil died quickly while those within the soil or the area last to 
freeze lasted longest. 
Table 10. Results of a three tube, three dilution M.P . N. determination for 
for coliforms and fecal coliforms at various depths. 
56 
Table 11. Results of a before and after analysi s of the four soilst 
chemical and physical properties . 
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Chemical Removal 
Nitrogen 
Figures 11, 12, and 13 of Drainage Farm soil show the values 
resulting from the analysis of the influent and effluents from the 38.1 
em sample points for nitrate, nitrite and ammonia. Graphs of these 
parameters for Draper, Nibley, and Parleys are given , in the Appendi x, 
Figures 25-33. Due to the short circuiting which occurred data from 
the 7.6 em sample points cannot be considered reliable. These graphs 
show an appreciable increase in nitrate over the amounts present in 
the sewage applied. The source of this increase must come from the 
production of ammonia from the decomposition of organics present in 
sewage and trapped on the filter and that already present in the soil 
as well as the oxidation of ammonia present in the sewage. 
Figures 11, 12 and 13 show the level of nitrate remaining 
relatively steady in the sewage and the levels of ammonia increasing 
towards the end of the testing period. The values of nitrate from 
the 38.1 em sample points were declining sharply at this time however. 
This can be attributed to the drop in temperature which may have 
affected the nitrifying bacteria. Little ammonification and 
nitrification take place in reduced temperatures during the winter. 
On the other hand the rate of activity of microorganisms above 7'C 
increases two fold or three fold for each rise of lO'C if moisture 
is adequate and the soil is not highly acid. 
The tests indicate that the soils could have contained a 
fairly high amount of nitrogen initially due to the much higher values 
of nitrate coming out, over the nitrate levels in the sewage applied. 
Figure 11. Nitrate levels in the influent and effluent 
from 7.6 and 38.1 centimeter depths for 
Drainage Farm soil. 
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Figure 12. Nitrite levels in the influent and effluent from 
the 7.6 and 38.1 centimeter depths for 
Drainage Farm soil. 
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Figure 13. Ammonia levels in the influent and effluent from 
the 7.6 and 38.1 centimeter depths for 
Drainage Farm soil . 
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Leaching removes large amounts of nitrates from soils but not more than 
traces of other forms of nitrogen. 
Nibley (silty clay loam) and Drainage Farm (clay) produced 
appreciably higher level s of nitrate in the 38.1 em effluents than the 
Parleys (silty loam) and Draper (sandy loam) soils. This suggests that 
the tighter soils or those producing a longer residence time al low 
nitrification to proceed longer, therefore, the higher nitrate levels . 
Although sandy soils will leach what nitrates are present in the soil 
faster, the denser or more clay-like will produce higher levels of 
nitrate if the organics are available, as is the case here. Figures 
12 and 13 also show this case to be true. The Drainage Farm and 
Nibley soils produced lowest levels of ammonia and nitrite indicating 
that these primary and intermediate forms are not as readily leached 
out and that nitrification has had more time, therefore we see less 
nitrite and ,ammonia and more nitrates. 
Total organic carbon 
To explain the extreme nitrate build-up in the soils, a high 
quantity of ammonia and/or organic nitrogen would be expected. As 
the ammonifiers comprise a large percentage of the bacteria and fungi 
that live in soil, decomposing soil organic matter to obtain a supply 
of energy or carbon for growth, a large supply of organics would 
explain alot . Figure 14 shows levels of T.O.C . in the influent and 
effluents from the sample points for Drainage Farm soil. Graphs of 
T.O.C. for Draper, Nibley and Parleys are given in the Appendix, 
Figures 34-36. Figure 14 shows the levels of T.O.C. in the effluents 
correspond fairly close to the concentration of T.O.C. in the 
Figure 14. Total organic carbon levels in the influent and 
effluent from the 7.6 and 38.1 centimeter 
depths for Drainage Farm soil. 
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sewage applied. The graph indicates some removal through the soils, 
however not enough to support the assumption that the organics are 
supplying the source of nitrates, if the soils did not contain a high 
amount of organics initially . 
In examining the data from the before and after analys is of t he 
soils (Table 11), it shows a marked decrease in the organic materi al 
present in the soils . The clay-like soils, Nibley and Drainage Farm, 
again show the greatest decrease in organic matter, 70% and 50% 
respectively, where Draper had a 48% reduction and Parleys was reduced 
by 37% (all figures from the 38.1 em levels) . 
Figure 14 then, indicates organics being leached or passed 
through the soils, but also being replenished by the source in the 
sewage. There is an overall net loss in organic matter in each soil, 
which may account for some of the nitrate excess. 
The four soils show that they have the potential of acting 
effectively in the removal of organic matter . The factors contributing 
to the degree of organic uptake would be the soil characteristics and 
the microbial activity. In this study where the atmospheric conditions 
were uniform for all soils, differences in degree of removal would be 
dependent solely on the soil characteristics. The more clay-like 
soils (Drainage Farm and Nibley} provided better removal than the 
sandy or silt loam soils . Figure 15 showing the percent removal of 
total algal cells suggests a possible source of organic material. 
Algal cells 
Figure 15 supports the ~bservation already made that the 
Drainage Farm soil provides the best removal followed by Nibley, 
Figure 15. Total algal cell percent removal at the 38.1 centimeter 
depth for all soils studied . 
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Draper and Parleys. In the removal of algal cells it would be expected 
that the three mechanisms of removal; straining, bridging, and strain-
ing and sedimentation would govern the percent removal achieved by 
each soil. At the beginning of the testing period the removal appears 
much lower than toward the end. This condition could have been caused 
by the buildup of a film on the soil surface . The condition could also 
have been caused by the soil cracking between sewage appli cations. 
Before the biological analysis began, the sewage applications were only 
three times weekly as opposed to every day later on. In the soils with 
a higher percent clay, the cracking would be expected to be more severe 
thereby explaining the much lower removal of the Drainage Farm (clay) 
soil initially . As the algal cells begin to build up on the soil 
surface, the removal would be expected to increase as is observed here. 
The large drop in percent removal by Parleys must have occurred after 
the soil surface of this lysimeter was re-leveled on October 29. 
This act drastically disturbed the clogged pores, decreasing the 
filterability . At this time the suspended solids and volatile suspended 
solids shot up enormously for this soil as shown in Figures 39 and 42 
in the Appendix. 
Suspended solids 
As Figures 16 and 17 for Drainage Farm Soil indicate, the 
volatile suspended solids concentration in the influent is slightly 
lower than the suspended solids, as is to be expected. Graphs of 
suspended solids and volatile suspended solids for Draper, Nibley 
and Parleys are given in the Appendix, Figures 37-42. The level of 
suspended solids in the influent is fairly steady without drastic 
Figure 16. Suspended solids concentration in the influent and 
effluent from the 7.6 and 38.1 centimeter 
depths for Drainage Farm soil. 
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Figure 17. Volatile suspended solids concentration in the 
influent and effluent from the 7. 6 and 38.1 
centimeter depths for Drainage 
Farm soil. 
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changes reflecting a stable turbid condition. The volatile suspended 
solids, however have some large fluxuations caused by unsettled algal 
populations . The level of suspended solids in the influent remains 
fairly constant while the levels in the effluents at the 38 .1 em 
sample points are constantly decreasing. This is also the cond i tion 
for the volatile suspended solids. The increasing removal toward the 
end of the period show an increased filtering effect caused by 
straining and sedimentation and also utilization of the volat ile or 
organic matter present. Drainage Farm soils shows the best removal 
with Nibley second. These soils with tighter pore space and longer 
residence time provide best removal by a filtration effect and 
utilization of the organic matter. The removals provided by Draper 
and Parleys are close to the other two soils. The average removals 
provided by these soils for suspended and volatile suspended solids 
are approximately 85% once the sewage had been applied for a time. 
Phosphorus 
The phosphate removal capacity of a soil is a result of a 
combination of adsorption of phosphate and precipitation of compounds 
of phosphorus. As stated by Shewman (1973}, it was found the soil 
properties most likely correlated with adsorption would be surface 
area and the related properties, percent clay and cation exchange 
capacity. The amount and condition of lime present probably 
influences both precipitation and adsorption. 
Figures 18 and 19 of the Drainage Farm soil show that most all 
of the phosphate exists as ortho-phosphate. Graphs of total and ortho-
phosphate for Draper, Nibley and Parleys are given in the Appendix, 
Figure 18. Total phosphate levels in the influent and effluent 
from the 7.6 and 38.1 centimeter depths 
for Drainage Farm soil . 
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Figure 19. Ortho-phosphate levels in the influent and effluent 
from the 7.6 and 38.1 centimeter depths for 
Drainage Farm soil. 
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Figures 43-48. The total phosphate concentrations from the 38.1 em 
sample point show very consistent results, fluctuating only when the 
influent concentration varies. The removal of total phosphate appears 
dependent a great deal on adsor ption. Ortho-phosphate influent con-
centrations are a little less than the total phosphate influent but 
the concentrations of ortho-phosphate from the 38 . 1 em sample poin ts 
are at about equal levels with the total phosphate, suggesting a change 
of form or increase from another source. The erratic fluctuations of 
the ortho-phosphate effluent levels indicate probable microbial 
activity breaking down phosphate or organics initially present in 
the soil to show an increase. The fluctuations could have been caused 
by the severe temperature variation which occurred during the testing 
period, affecting the amount of microbial activity. 
The degree of removal by the different soils are consistent 
between the total phosphate and ortho-phosphate. Drainage farm soil 
was again the most effective treatment media followed by Parleys, 
Draper and Nibley. As stated earlier, removal capacity is based on 
surface area and these soils show this to be true; Drainage Farm (clay), 
Parleys (silt loam), Draper (sandy loam), however, Nibley should not 
have been the poorest . Being a siltly clay loam, Nibley should have 
shown removal comparable to the Drainage Farm. Also in studying the 
cation exchange capacity (C.E .C.; see Table 11) the order again occurs 
from high to low--Drainage Farm (19.7), Parleys (17.7) and Draper (9.9), 
however Nibley has the highest (23.6), justifying a better removal. It 
can be concluded that either Nibley soil does not have the capacity 
83 
for removal under these loading rates or there was some short circuiting 
involved. In the case of phosphorus removal where there is only 2-4 
ppm to begin with, slight short circuiting would have a large effect . 
The percent of clay and amount of lime present (Table 11) al so supports 
the observed results, however here again Nibley does not follow the 
rule so we must conclude, a small degree of channeling may have 
occurred in this lysimeter. 
Figure 20 shows the pH values for the lagoon effluent applied 
to the soils and the effluent pH values for the Drainage Farm soil at 
the 7.6 centimeter and 38.1 centimeter depths . Graphs of pH for 
Draper, Nibley and Parleys are given in the Appendix, Figures 49-51. 
The 7.6 centimeter pH values are generally lower than the sewage 
lagoon effluent applied but not as low as the effluent from the 38 .1 
centimeter depth. This condition supports an interesting and expected 
observation. 
The pH of the lagoon effluent was usually in the range of 7.8 
to 8.5. The pH values from the 7.6 centimeter depths averaged around 
7.5-8 while the 38.1 centimeter depths produced pH values around 7.0 
to 7. 25 . The drop in pH may have been caused by production of co2 and 
organic acids resulting from bacterial action in the soil. Nitri-
fication of the ammonium and removal of carbonate also reduces pH . 
These factors would almost all be dependent on the detention time for 
their degree of effect . Therefore, it is generally observed that 
those samples from the 38.1 centimeter depth or effluent which had 
the longest detention time produced the greatest reduction in pH values. 
Figure 20. pH values of the influent and effluent from the 7.6 and 38.1 
centimeter depths for Drainage Farm soil. 
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Changes in soil properties 
The soils studied provided a great deal of removal of various 
constituents and bacteria, but their individual characteristics 
did not change drastically as Table 11 indicates. As i n t he deter-
mination of chlorophyll "a" and pheophytin "a" in the sewage, t he 
analysis of the core samples for chlorophyll "a" did not turn up 
levels high enough to be of significant value. The noticeable changes 
occurred in phosphorus, percent organic matter and cation exchange 
capacity. 
The phosphorus as would be expected showed a build up on 
the surface of all soils especially on the clay (Drainage Farm) . 
Because phosphate does not move readily through the soil we see 
an increase on the surface and a slighter increase at the 32.5 em 
depth. As indicated by Table 11, the removals by Parleys and Draper 
were also noticeable. 
The organic matter decreased considerably as was discussed 
earlier, however, it is apparent that this may have had some effect 
on the cation exchange capacity. The soils with a higher percentage 
of organic matter at the start, i.e., Nibley and Drainage farm had 
a higher C.E . C. "Soils high in organic matter have substantial 
cation exchange capacities because of the large negative charge 
developed by the humus" (N . T. Coleman, 1957, p. 73). Therefore, 
the C.E.C. is observed to decrease proportionally with the decreased 
organic material in the final analysis. 
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SUMMARY AND CONCLUSIONS 
Sunvnary 
The objectives of this investigation were to : (1) correl ate 
the soils ' var ious characteri sti cs with their effect on the removal 
and survival of speci fic ent er ic organ isms present i n a sewage lagoon 
effluent; (2) to inves t igate the effectiveness of each soil in remov ing 
various chemical constituents in sewage; (3) to examine any change in 
the soi ls ' characteristics after the test period . 
All soils provided very good removal of the three bacter ial 
indicator s . There was a definite difference i n the degree of removal 
between the Drainage Farm soil and Parleys . Draper and Nibley fell 
between these two, but also showed some discrepancy . The pri mary 
reason for the much better removal by Drainage Farm soil over the 
other three was the texture . Thi s soil was by far the most dense, 
therefore providing for removal by t he three mechanisms of st rain i ng, 
bridging, and straining and sedimentation. Drainage Farm soil (clay) 
provided the best bacteriological removal with Nibley (silty clay loam) 
second, then Draper (sandy loam) and Parleys (silty loam) last. 
An increase in nitrate over the amounts present in the sewage 
was observed . The source of this increase came from the decomposition 
of organics present in the sewage and initially in the soils. Another 
source was the oxidation of ammonia present in the sewage resulting from 
organic degradat i on in the oxidation ponds. 
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Tighter soils or those producing a longer residence time al-
lowed nitrification to proceed longer, therefore produced higher nitrate 
levels in the effluents from the lysimeters. Nibley (silty clay loam) 
showed highest levels, Drainage Farm (clay) was next, then Parleys 
{silty loam) and Draper (sandy loam) showed the lowest levels. 
The four soils show that they have the potential of ac t ing as an 
effective filte r in the removal of organic matter . The more c ay- l· ke 
soils (Drainage Farm and Nibley) provide better removal t han the sa ndy 
or silt loam soils . 
In respect to volatile suspended solids and suspended solids, 
Drainage Farm soil shows the best removal with Nibley second . These 
soils with tighter pore space and longer residence time provide best 
removal by a filtration effect and utilization of the organic matter. 
The removals provided by Draper and Parleys are close to the other two 
soils . The average removals provided by these soils for suspended and 
volatile suspended solids are approximately 85%. 
The phosphate removal capacity of the soils was a result of a 
combination of adsorption of phosphate and precipitation of compounds 
of phosphorus. Drainage Farm soil was the most effective treatment 
media followed by Parleys, Draper and Nibley. 
The soils studied provided a great deal of removal of various 
constituents and bacteria, but their individual characteristics did not 
change drastically. The noticeable changes occurred in phosphorus, per-
cent organic matter and cation exchange capacity . The changes that did 
occur had no apparent effect on the removal capacity of any of the soils 
during the test period. 
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APPENDIX 
Figure A21. Average bacterial populations at points within 
Draper soil during test period. 
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Figure A22. Average bacterial populations at points within 
Nibley soil during test period. 
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Figure A23. Average bacterial populations at points within 
Parleys soil during test period. 
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Figure A24. Average bacterial populations at points within 
Drainage Farm soil during test period. 
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Figure A25 . Nitrate levels in the influent and effluent from 
7.6 and 38.1 centimeter depths for 
Draper soil. 
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Figure A26. Nitrate levels in the influent and effluent from 7.6 
and 38.1 centimeter depths for Nibley soil. 
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Figure A27. Nitrate levels in the influent and effluent from 7.6 
and 38.1 centimeter depths for Parleys soil. 
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Figure A28. Nitrite levels in the influent and effluent from the 7.6 
and 38.1 centimeter depths for Draper soil. 
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Figure A29. Nitrite levels in the influent and effluent from the 
7.6 and 38.1 centimeter depths for Nibley soil. 
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Figure A30. Nitrite levels in the influent and effluent from the 
7.6 and 38.1 centimeter depths for Parleys soil. 
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Figure A31. Ammonia levels in the influent and effluent from the 
7.6 and 38.1 centimeter depths for Draper soil. 
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Figure A32. Ammonia levels in the influent and effluent from the 
7.6 and 38.1 centimeter depth for Nibley soil. 
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Figure A33. Ammonia levels in the influent and effluent from the 
7.6 and 38.1 centimeter depths for Parley soil. 
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Figure A34. Total Organic Carbon levels in the influent and effluent 
from the 7.6 and 38.1 centimeter depths for 
Draper soil. 
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Figure A35. Total Organic Carbon levels in the influent and effluent 
from the 7.6 and 38.1 centimeter depths for Nibley soil. 
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Figure A36. Total Organic Carbon levels in the influent and effluent 
from the 7.6 and 38.1 centimeter depths for 
Parleys soil. 
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Figure A37. Suspended solids concentration in the influent and 
effluent from the 7.6 and 38.1 centimeter depths 
for Draper soil. 
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Figure A38 . Suspended solids concentration in the influent and 
effluent from the 7.6 and 38.1 centimeter 
depths for Nibley soil. 
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Figure A39. Suspended solids concentration in the influent and 
effluent from the 7.6 and 38.1 centimeter 
depths for Parleys soil. 
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Figure A40. Volatile suspended solids concentration in the 
influent and effluent from the 7.6 and 38.1 
centimeter depths for Draper soil. 
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Figure A41 . Volatile suspended solids concentration in Lhe 
influent and effluent from the 7 . 6 and 38 1 
centimeter depths for Nibley soil. 
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Figure A42 . Volatile suspended solids concentr ation in the 
influent and effluent from the 7.6 and 38. 1 
centimeter depths for Parleys soi l. 
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Figure A43. Total Phosphate levels in the influent and effluent 
from the 7.6 and 38.1 centimeter depths for 
Draper soil. 
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Figure A44. Total Phosphate levels in the influent and effluent 
from the 7.6 and 38.1 centimeter depths for 
Nibley soil. 
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Figure A45. Total Phosphate levels in the influent and effluent 
from the 7.6 and 38.1 centimeter depths for 
Parleys soil. 
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Figure A46. Ortho-Phosphate levels in the influent and effluent 
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from the 7.6 and 38.1 centimeter depths for 
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154 
II) 
I 1 N ~ I I 
1 C\i 
. I ~ 
\ I ~~ .,. s 
// 
· / ~-< CD ~ ~ e \\' 01 - u N ·co ..... ::,.: 2 
. \ N Cl) ••• ,, ILl "' ...... N 1-; ~ ~ ..... 2 
"' ... " 0 C/)Q.Q. 
,t t 1 ~ CD ' ILl Q ..J 0.. % I I r 2 ... 
"' /! Cl) 
. I It N ..... 2 
. I II) i \ ~ } \ CD 
/ 
) ~ 
/ // 
~·r/ N :::: 01 
. I ~~ 0 :::: 
. , 01 ,, 
·~" II) ..... 01 
0 C! 0 2 CD ,...: 
Hd 
Figure A52. Specific conductance values in the influent and effluent from the 7.6 and 38.1 
centimeter depths for Draper soil. 
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Figure A55. Specific conductance values in the influent and effluent from the 7.6 and 38.1 
centimeter depths for Drainage Farm soil. 
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Table Al2. Results of nitrate (N0 3 - N mg/i) analyses 
Sam le Date 
9/12/74 . 9{_25(74 lOL2/74 10L16L74 10L22L74 10L29/74 11/6/74 
Sewa e 
0.053 0.106 0.060 0.162 0.272 0.184 0.225 
Draper 
7.6 em . 7.025 17.792 
38.1 em. 3.922 2.041 2.713 3.073 3.043 3.627 3.753 
Nib ley 
7.6 em. 5.194 4.970 
38.1 em. 175.417 98.745 230.376 101.132 74.860 25.840 17.500 
Parleys 
7.6 em. 2.177 2. 237 6.105 3.706 3.487 4.2 71 4.655 
38. 1 em. 11 . 422 6.759 48.195 21.830 21.423 19.075 16.200 
Draina(Je Farm 
7. 6 em. 1. 961 6. 482 5.185 3.744 3.546 3.458 4.568 
38.1 em. 48.272 69.225 125.976 40.976 36.260 50.200 40.755 
11/14/74 11/21/74 11/25/74 
0.172 0.140 
9.068 8.784 
2.850 3.545 
34.554 28.368 
4.564 1.998 
5.984 5.410 
5.227 2.813 
34.451 24.365 
0.129 
3.766 
25.452 
2.392 
4.667 
2.471 
17.147 
"' w 
Table Al3. Results of nitrite (N02 - N mg/ i ) analyses 
Sam le Date 
9/12/74 9/25L74 lOL2L74 lOLl6L74 lOL22L74 lOL29/74 llL6L74 
Sewa e 
0.009 0.017 0.014 0.052 0.112 0.024 0.039 
Draper 
7. 6 em. 0.009 
38.1 em. 0.004 0.005 0.012 0.051 0.023 0.020 0.080 
Nib ley 
7.6 em. 0.004 0.003 
38.1 em. 0.018 0.030 0.012 0.014 0.021 0.007 0.004 
Parleys 
7.6 em. 0.019 0.015 0.084 0.046 0.086 0.021 0.024 
38.1 em. 0.017 0.010 0.011 0.017 0.010 0.005 0.007 
Drainage Farm 
7.6 em. 0.015 0.066 0.044 0.055 0.100 0.027 0.028 
38.1 em. 0.008 0.002 0.001 0.004 0.004 0.001 0.001 
ll/14/74 ll/21/74 ll/2574 
0.043 0.032 0.032 
0.007 0.006 
0.092 0.080 0.053 
0.007 0.013 0.006 
0.042 0.037 0.033 
0.029 0.029 0.027 
0.048 0.042 0.042 
0.003 0.001 0.001 
"' ~
Table Al4 . Results of ammonia (NH 3 - N mg/ £) analyses 
Sam le Date 
9/12/74 9/25{_74 lOL2/74 lOLl6L74 lOL22/74 10/29/74 ll/6/74 
Sewa e 
1.496 2.506 3.847 4.680 4.290 1.600 2.769 
Draper 
7.6 em. 0.755 0.042 
38. l em. 4.538 0.121 0. 331 0.832 0. 741 0. 321 0.564 
Nib ley 
7.6 em. 0.620 0. 029 
38.1 em. 0.436 0.025 0.100 0.021 0.090 0.045 0.063 
Parleys 
7.6 em. 0.269 0.211 0.611 1.625 1. 352 0. 753 l .022 
38.1 em. 0. 436 0.014 0.076 0.012 0.165 0.023 0.058 
Ora i nage Farm 
7. 6 em. 1.531 0.157 0.946 2.743 2.899 1.179 1.278 
38 . 1 em. 0. 383 0.011 0.050 0.012 0.087 0.020 0.031 
ll/14/74 ll/21/74 ll/25/74 
5.936 6.943 
0.053 0.175 
0.843 0.753 
0.053 0.044 
1.145 3.159 
0.208 0.191 
1.548 2.491 
0.053 0.042 
7.420 
0. 726 
0.070 
3.519 
0.134 
3.507 
0.072 
"' <J1 
Table Al5. Results of total organic carbon (unfiltered mg/ ~ ) analyses 
9/25/74 10/2/74 lOL16LJ4 
SamQle Date 
1 0/22[74 lOL29L74 
Sewa e 
13 12 6 5 37 
Draper 
7.6 em. 15 
38.1 em. 10 9 8 4 27 
Nib ley 
7.6 em. 11 
38.1 em. 9 14 8 6 32 
Parleys 
7.6 em. 19 3 10 9 48 
38.1 em. 12 12 4 2 38 
Drainage Farm 
7.6 em. 16 16 8 4 56 
38.1 em. 7 4 3 2 36 
11/6/74 11/14/74 
36 13 
14 
36 7 
36 6 
40 22 
28 11 
32 18 
36 5 
11/21/74 
14 
13 
6 
5 
21 
8 
18 
4 
11/25/74 
14 
8 
6 
25 
9 
17 
7 
0"> 
0"> 
Table Al6. Results of total carbon (unfiltered mg/ ~ ) analyses 
1072/74 
SamEle Date 
9/25/74 10!16[74 10/22/74 10/29774 
Sewa e 
67 69 56 55 103 
Draper 
7.6 em. 79 
38.1 em. 72 80 68 64 107 
Nib ley 
7.6 em. 70 
38.1 em. 89 82 72 67 116 
Parleys 
7. 6 em. 93 88 77 72 134 
38.1 em. 82 68 58 58 102 
Drainage Farm 
7.6 Cfll. 82 76 72 63 144 
38.1 em. 127 102 98 96 118 
11/6774 11714/74 
106 69 
78 
106 70 
112 87 
108 94 
100 82 
104 85 
162 123 
11721/74 
75 
81 
73 
89 
97 
83 
87 
125 
11/25/74 
72 
73 
91 
100 
86 
88 
128 
"' ..... 
Table Al7. Results of total inorganic carbon (unfiltered mg/ ~ ) analyses 
Sam le Date 
9/25/74 10/2/74 10[1604 1 0[22/74 10/29/74 11/6/74 
Sewa e 
54 57 so 50 66 70 
Draper 
7.6 em. 64 
38 . 1 em . 62 71 60 60 80 70 
Nib ley 
7.6 em. 59 
38.1 em. 80 68 64 61 84 76 
Parleys 
7.6 em. 74 85 67 63 86 68 
38.1 em. 70 56 54 56 64 72 
Ora i nage Farm 
7.6 em. 66 60 64 59 88 72 
38.1 em. 120 98 95 94 152 126 
11/14/74 11/21/74 
56 61 
64 68 
63 67 
81 84 
72 76 
71 75 
67 69 
11 8 121 
11 /25/74 
58 
65 
85 
75 
77 
71 
121 
"' co 
Table Al8. Results of suspended solids (mg/ i ) analyses 
9/25/74 10/2/74 lOLl6/74 lOL22L74 
33.2 15.6 30.6 21.4 
Draper 
7.6 em. 18.6 
38.1 em. 11.1 19 . 1 14.4 7 .l 
Nib ley 
7.6 em. 35.0 
38.1 em. 10.1 6.8 4.3 5.8 
Parleys 
7.6 em. 322.8 800.0 387.8 422.7 
38.1 em. 12.2 18.8 13.8 9.0 
Drainage Farm 
7.6 em. 80.0 141.8 327.5 208.0 
38.1 em. 9.6 9.5 2.4 3.8 
Sam~le Date 
10/29/74 ll /6/74 
Sewa e 
35.6 28.3 
6.1 4.9 
6.3 4.4 
458.3 24.8 
6.2 0.9 
443.1 56.1 
3.3 2.3 
11/14/74 11/21/74 
37.7 29.4 
11.0 12.5 
6.8 3.3 
4.9 3.6 
130.7 587.5 
144.3 54.5 
246.2 81.5 
7.7 1.1 
11/25/74 
29 .0 
1.6 
2.4 
422.9 
19.8 
211.7 
1.7 
"' \D 
Table Al9. Results of volatile suspended solids (mg/ i ) analyses 
Sam l e Date 
9/25/74 10/2/74 10/16/74 l0!22L74 10/29/74 
Sewa e 
19.2 7.0 13. 0 6.5 26.8 
Draper 
7.6 em. 0 
38.1 em. 0 9.7 5.1 2.4 3.2 
Nib ley 
7.6 em. 0 
38.1 em. 0 3.1 0.8 1.7 2.4 
Parleys 
7.6 em. 0 70.2 37.8 53.1 47.6 
38.1 em. 0 0.5 3.8 3.7 1.1 
Drainage Farm 
7.6 em. 14.2 21.4 52.7 35.2 53.1 
38.1 em. 2.4 3.1 0.5 2.4 1.9 
11/6/74 ll/14/74 
20.4 30.0 
2.0 
4 .l 3.1 
3.4 3.7 
13.3 22.7 
0.4 19.9 
21.4 29.2 
1.4 0.5 
ll/21/74 
16.2 
2.2 
0.5 
0.2 
55.5 
7.6 
13.9 
0.9 
ll/25/74 
14.2 
0.7 
0 .4 
45.7 
2.6 
25.0 
0.1 
" 0 
Table A20. Results of total phosphate (P04 mg/~) analyses 
Sam le Date 
9/10/74 9/12/74 9/25/74 10/2/74 lOLl6L74 10/22/74 10/29/74 ll/6/74 ll/14/74 ll/21/74 11/25/74 
Sewa e 
3.283 5.460 1.590 2.907 2.550 2.448 2.546 2.477 2.546 2.511 2.580 
Draper 
7.6 em. 3.047 0.318 0.089 0.083 
38.1 em . 0.479 2.793 0.293 0. 349 0. 398 0. 340 0.241 0.248 0.255 0.275 0.268 
Nib ley 
7.6 em. 0.109 1.124 0.392 
38.1 em. 0.559 4.030 0.531 0.650 0.765 0.646 0.599 0. 578 0.585 0.599 0.612 
Parleys 
7.6 em. 0. 208 1. 397 0.658 3.215 1.673 2.217 1.032 1. 342 1.445 1. 376 1 .513 
38 .1 em . 0.200 0.597 0.090 0.109 0.099 0.119 0.052 0.086 0.079 0.089 0.086 
Drainage 
Farm 
7.6 em. 0.438 1. 790 0.378 1.676 2.057 2.074 1 .273 1 .445 1.514 1 .617 1.548 
38.1 em. 0.245 0.444 0. 345 0.068 0.092 0.143 0.062 0.055 0.065 0.065 0.072 
~ 
Table A21. Results of ortho-phosphate (0- P04 mg/ i ) analyses 
Sam[!le Date 
9!12/74 9/25/74 10/2/74 10/16/74 10/22774 10729/74 1176774 
Sewa e 
5.126 0.196 2. 309 0.578 0.476 2. 305 2.459 
Draper 
7.6 em. 0.297 
38.1 em. 1.563 0.286 0.248 0. 309 0.265 0.148 0. 241 
Nib ley 
7.6 em. 0.527 0.377 
38.1 em. 0.625 0.456 0.472 0.570 0.604 0.533 0.281 
Parleys 
7.6 em. 0.248 0. 458 0.641 1.166 1.675 1.030 1 .273 
38.1 em . 0.248 0.027 0.099 0.060 0.083 0.036 0.069 
Drainage Farm 
7.6 em. 0.730 0.262 1. 365 1.921 0.554 1.109 1.127 
38.1 em. 0.190 0.806 0.048 0.063 0.139 0.046 0.034 
11/14/74 11721/74 11/25/74 
2.477 2.459 
0.046 0.048 
0.241 0.254 
0.172 0.481 
1.307 1.153 
0.071 0.079 
1 .393 1 .101 
0.043 0.047 
2.512 
0.264 
0.567 
1. 358 
0.080 
1.109 
0.041 
..... 
N 
Table A22. Results of pH analysis 
9/5/74 9/1DU4 9/12L74 9ll8U4 9l25L74 
8.47 9.08 9. 25 8.48 8. 74 
Draper 
7.6 em. 7.94 8.45 8.40 7.45 
38.1 em. 7.45 8.00 8.05 7. 76 7.28 
Nib l ey 
7. 6 Cfll. 7.84 8.16 8.25 7.85 
38 .1 em. 7. 34 7.93 7.99 7.65 7.64 
Parleys 
7.6 em. 7.65 8.11 8.21 i. 77 7.89 
38.1 em. 7.48 8.00 7.94 7.25 7.56 
Drainage Fdrm 
7. 6 em. 7.84 8.30 8.52 8.00 8.13 
38.1 em. 7. so 8.04 8.02 7.51 7. 72 
Sa!!!Ele Date 
1D/2U4 1011 6U4 10/22i74 l0(29i74 11 i6U4 
Sewage 
8.04 7. 20 7.68 7.65 7.80 
7. 39 7.20 7.50 7.10 7.52 
7.48 7 .OS 7.51 7.40 7.55 
7.64 7.05 7. 33 7.45 7.65 
7.46 7.25 7.05 7.15 7.50 
7.95 7. 75 7. 70 7.80 7.82 
7.55 7.90 7. 35 7. 60 7.65 
11(14(74 11(21(74 11(25i74 
7.65 7.55 7.50 
7. 30 7 .so 
7.15 7.10 7.15 
7.05 7 .OS 7.00 
7.20 7.55 7.40 
7 .OS 7. 15 7.00 
7.60 7.65 7. 50 
7.20 7.20 7. 35 
.... 
..., 
w 
Table A2 3. Results of specific conductance ("mhos/em) analyses 
Sam le Date 
9/5/74 9l18/74 9l20U4 9l25U4 iOl2U4 10/16/74 10/22/74 10/29/74 11/6/74 11/14/74 11/21/74 11/25/74 
Sewa e 
566 545 610 742 702 655 653 639 626 637 575 660 
Draper 
7. 6 em. 1 ,354 697 903 658 670 
38.1 em. 662 578 627 672 828 751 759 751 683 704 668 647 
Nib ley 
7.6 em. 691 596 712 
38.1 em. 2,880 1 ' 717 1 ,725 1,428 1,314 1 ,047 979 935 851 935 712 698 
Parleys 
7. 6 em. 672 747 726 793 784 779 821 713 812 672 698 
38.1 em . 1 ,056 717 786 784 804 733 711 773 725 701 670 687 
Ora i nage Farm 
7. 6 em. 768 808 813 947 750 717 724 646 680 763 689 666 
38.1 em. 2,016 1 ,515 1 ,497 1 ,549 1 ,565 1 ,456 1 ,442 1 ,503 1 ,438 1 ,215 1 ,060 840 
!:::; 
-"' 
Table A24. Total algal cell counts (number/m~) 
9/25/74 10/2/74 10/16/74 10/22/74 
3,378 5,226 5,889 17,476 
Draper 
7.6 em. 2,706 
38.1 em. 792 725 712 713 
Nib1ey 
7.6 em . 2,746 
38. 1 em. 554 462 461 396 
Parleys 
7.6 em. l ,664 1,135 1 ,056 1,477 
38.1 em. 607 529 422 449 
Draina9e Farm 
7.6 em. 4, 249 4,314 1 ,622 1 ,387 
38.1 em. 1,121 370 343 
Sam 1e Date 
10/29/74 11/6/74 
Sewa e 
57,684 37,365 
1 ,626 1,115 
1,770 1 ,327 
15,897 10,568 
895 2,313 
47,856 54,901 
401 316 
11/14/74 11/21/74 
34,874 19,140 
894 690 
562 545 
528 41 8 
11 , 766 12,411 
6,436 l ,9 31 
18,182 23,427 
367 307 
11/25/74 
23,496 
682 
316 
15, 768 
l ,905 
27,855 
247 
'-' 
U1 
Table A25. Results of pheophytin "a" (mg/i) analyses 
Sample Date 
9/25/74 10/2/74 10/16/74 10/22774 
Sewage 
0 0 0 0 
Draper 
7.6 em . 0 
38.1 em. 0 0 0 0 
Nib ley 
7.6 em. 0 
38.1 em. 0 0 0 0 
Parleys 
7. 6 em. 0 . 016 0 0 
38.1 em. 0 0 0 0 
Drainage Farm 
7.6 em. 0 0 0 0 
38.1 em. 0 0 0 0 
Note.- - Pheophyti n "a" tests were not conducted further because 1 eve 1 s were too 1 ow to make the data re 1 i ab 1 e. 
.._, 
"' 
Table A26. Results of chlorophyll "ex" (mg/~) analyses 
9/25/74 10[2/74 
0. 057 0.026 
Draper 
7.6 em . 0 
38 .1 em. 0 0 
Nib ley 
7.6 em . 0 
38. 1 em. 0 0 
Parleys 
7.6 em. 0.010 0.003 
38.1 em. 0 0 
Drainage Farm 
7. 6 em. 0 0.025 
38.1 em. 0 0 
Sam le Date 
10/16/74 
Sewa e 
0 .045 
0.003 
0.001 
0.025 
0.002 
0.012 
0.001 
10/22/74 
0.026 
0.002 
0.001 
0.012 
0.002 
0.007 
0.002 
__, 
__, 
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